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Major cations and anions;
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Chlorinity ratio anomaliesAbstract Investigation on the major ions of seawater; Na+, K+, Ca++, Mg++, SO4
 and Br is
based on more than 660 samples collected at 21 sections distributed along the Egyptian
Mediterranean coast starting from Salloum to Arish during summer (2008), in addition to some
samples taken at certain sections during spring (2008) and the winters of 2008, 2009 and 2010.
In respect of the analysed major ions, the total average content (mg/l) and their corresponding
chlorinity ratios are as follows: Na+; 12,337, 0.586, K+; 381.2, 0.0180, Ca++; 403, 0.0183,
Mg++; 1506.6, 0.0709, SO4
; 3068, 0.139 and Br; 64.9, 0.00296. The ion content and their chlo-
rinity ratios indicate interesting temporal and spatial ﬂuctuations. The Mg/Ca ratio average
ﬂuctuated between 3.1 and 4.6.
With respect to the total average of ion/chlorinity ratios, Na and Mg showed almost positive
declinations above the normal oceanic ratios. K, Ca and Br/chlorinity ratios, on the other hand,
deviated strongly below normal while SO4/Cl ratio mean is closely nearer to normal. Strong anoma-
lies of chlorinity ratios could be detected at several locations that coincided with high dilution and
drop of salinity affected with land based efﬂuents; e.g. in front of Mex, Krir and Sahl El-Tina areas.
ª 2015 Hosting by Elsevier B.V. on behalf of National Institute of Oceanography and Fisheries. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
The Egyptian Mediterranean coast lies at the South East sector
of the Levantine sub-basin, from longitudes 25300 E to 34 E
and extends northwards to latitude 33 N. The salinity of the
Mediterranean Sea is uniformly high throughout the basin,
surface water averages about 38& except the extreme western
parts, and the salinity can approach 40& in the EasternMediterranean during the summer. The salinity of seawater
is made up of all the dissolved salts. Six major ions make up
>99% of the total dissolved salts in seawater. They are
Na+, Cl, SO4
2, Mg+2, Ca+2 and K+. These major ions
are conservative; they have constant ratios, to one another,
and to salinity in almost all ocean waters. They almost always
consist of 55% Na+, 31% Cl, 8% SO4
2, 4% Mg+2, 1% for
each of Ca+2 and K+. Variations in salinity depend almost
entirely on; balance between evaporation and precipitation,
extent of mixing surface and deeper water, anthropogenic
modiﬁcation and diluted level of seawater in front of hot spots,
outfall and local climatic changes. Such pollution in the
Egyptian eastern coast had a detrimental effect on its ﬂora
2 R.B. Nessim et al.and fauna as well as the different recreational activities.
Fahmay (2001) showed that the hydrochemical characteristics
of the southern Mediterranean off shore waters in front of
Egypt have been affected by the oceanic biomass cycle.
Concerning the investigation of the major ions in the
EgyptianMediterranean coastal water, two previous researches
were done. The ﬁrst work was restricted in a study of Ca, Mg
and SO4
2 in addition to S& and alkalinity in the coastal water
between Agami and Rashid areas during April 1999 (Nessim
et al., 2005). The second work revealed a monitoring survey
of S&, TDS, Ca+2, Mg+2, SO4
2 and Br in coastal water at
8 sections extending between Sahl El-Tina and Barani during
the year 2000–2001 (Nessim et al., 2010). The present study
concerned a great monitoring programme to investigate the
major cations Na+, K+, Ca+2 and Mg+2 and anions SO4
2
and Br in addition to S& in the whole coastal water through
21 sections representing the Egyptian Mediterranean coast
between Salloum and Arish, Fig. 1. The study was based on a
high number of water samples (>660) collected seasonally
during the period (winter 2008–winter 2010).
Material and methods
The coastal Egyptian Mediterranean seawater starting from
Arish (East) to Salloum (West) was subjected to a great
oceanographical monitor (winter 2008–winter 2010). Five
cruises were done during winter, spring and summer 2008, win-
ter 2009 and winter 2010 on board NIOF, El-Yarmouk
Research vessel. The studied area comprised 21 longitudinal
sections (Fig. 1), 10 sections to the east (Eastern Harbour-
Arish) and 11 to the west (Mex–Salloum). Two to ﬁve vertical
stations were collected perpendicularly at each section at stan-
dard depths (0–200 m depth) using Niskin bottles (Fig. 2).Figure 1 Sampling stations along the Medite
Figure 2 Tentative BathymetrySalinity was determined by measuring the electrical conduc-
tivity of samples, chlorinity was calculated according to the
known formula:
S‰ ¼ 1:80655 Cl‰
The alkali metal ions Na+ and K+ were measured directly
by using a Flame Photometer Model PFP7 with a limit detec-
tion of <0.2 ppm for both elements. The alkaline earth’s met-
als Ca+2 and Mg+2 were analysed titrimetrically against
EDTA solution using Eriochrome black-T as indicator. Ca
was analysed by titration against the same standard solution
(EDTA) using another indicator (Murexide). Magnesium con-
tent was computed as a difference between total hardness and
calcium contents. Sulphate was precipitated as barium sul-
phate and measured turbidimetrically (Bather and Riley,
1954). Bromide was analysed according to the method of
Morris and Riley (1966) and subsequently revised by
Grasshoff (1976).
Results and discussion
Seasonal and sectional averages of the studied major ions and
their corresponding chlorinity ratios are tabulated in Tables
1–3 and illustrated in Figs. 3–8.
Sodium
The earth’s crust contains 2.6% sodium by weight making it
the sixth most abundant element on earth. The total average
of Na-content for the total number of samples is 12.337 g/l.
The western part samples had an average above this mean,
being 12.413 g/l while the eastern one is little lower
(12.267 g/l). Spring and summer (2008) samples showed therranean Egyptian coast during 2008–2010.
in metres of the Survey Area.
Table 1 Seasonal averages of the major ions content (mg/l) as well as S& averages in surface and bottom waters in the eastern and
western parts of Egyptian Mediterranean coast (Arish – Salloum) during (2008–2010).
Total average at Western part Total average at Eastern part Total average
2008–2010
Major
ions
Depth Spring
2008
Summer
2008
Winter
2009
Winter
2010
Winter
2008
Spring
2008
Summer
2008
Winter
2009
Winter
2010
S& Surface 39.13 37.95 36.94 37.69 40.05 37.73 37.90 38.21
Bottom 39.48 37.76 35.79 39.93 39.99 37.92 37.90 38.40
Average mean 39.34 37.86 36.36 38.81 40.02 37.83 37.90 38.30
Na+ Surface 12,940 12,460 12,000 12,330 12,520 11,760 12,335
Bottom 12,850 12,450 11,750 12,680 12,540 11,760 12,338
Average mean 12,895 12,455 11,875 12,510 12,530 11,760 12,337
K+ Surface 409.4 393.8 373.0 382.0 377.1 358.0 382.2
Bottom 408.0 393.5 371.0 377.1 376.0 355.0 380.2
Average mean 408.7 393.7 372.0 379.6 376.6 356.7 381.2
Ca Surface 383.9 358.9 419.7 479.6 391.8 330.8 382.5 423.2 433.5 400.4
Bottom 395.7 362.4 428.0 472.4 420.4 331.0 391.6 428.1 421.1 405.6
Average mean 389.8 360.6 423.8 476.0 406.1 330.9 387.1 425.7 427.3 403.0
Mg Surface 1472.4 1453.1 1534.8 1493.3 1579.9 1504.6 1451.3 1504.6 1463.9 1499.1
Bottom 1450.0 1475.8 1584.0 1490.3 1630.2 1505.9 1457.9 1525.8 1497.1 1514.0
Average mean 1461.2 1464.4 1559.4 1491.8 1605.1 1505.3 1454.6 1515.2 1480.5 1506.6
SO4
 Surface 2198 3100 3261 4066 3037 2621 2994 2929 3026
Bottom 2450 3135 3319 4087 3302 2663 2990 2932 3110
Average mean 2324 3118 3290 4077 3169 2642 2992 2930 3068
Br Surface 77.0 43.0 72.3 58.9 67.5 78.6 65.9
Bottom 82.2 43.6 62.1 56.3 64.1 74.5 63.8
Average mean 79.6 43.3 67.2 57.6 65.8 76.5 64.9
Mg/Ca Surface 3.9 4.0 3.7 3.1 4.6 3.9 3.5 3.4 3.8
Bottom 3.7 4.2 3.7 3.1 4.6 3.5 3.6 3.6 3.8
Average mean 3.8 4.1 3.7 3.1 4.6 3.7 3.5 3.5 3.8
Table 2 Seasonal averages of the major ions/chlorinity ratio in surface and bottom waters along the Egyptian Mediterranean Coast
(Arish-Salloum) during (2008–2010).
Western part Eastern part Total average
Major ion/Cl
ratio
Depth Spring
2008
Summer
2008
Winter
2009
Winter
2008
Spring
2008
Summer
2008
Winter
2009
Na+/Cl Surface 0.595 0.600 0.586 0.557 0.599 0.557 0.582
Bottom 0.611 0.600 0.598 0.573 0.598 0.563 0.590
Average 0.603 0.600 0.592 0.565 0.599 0.56 0.586
K+/Cl Surface 0.0184 0.0186 0.0180 0.0172 0.0181 0.0171 0.0179
Bottom 0.0185 0.0186 0.0196 0.0171 0.0180 0.017 0.0181
Average 0.0185 0.0186 0.0188 0.0172 0.0181 0.0171 0.0180
Ca++/Cl Surface 0.0178 0.017 0.0203 0.0185 0.0149 0.0184 0.0203 0.0182
Bottom 0.0180 0.0173 0.0201 0.0191 0.015 0.0185 0.0204 0.0183
Average 0.0179 0.0171 0.0202 0.0188 0.015 0.0185 0.0204 0.0183
Mg++/Cl Surface 0.0671 0.0692 0.0737 0.0746 0.0678 0.0695 0.0717 0.0705
Bottom 0.0665 0.0705 0.0788 0.0738 0.0679 0.0695 0.0727 0.0713
Average 0.0668 0.0699 0.0763 0.0742 0.0679 0.0695 0.0722 0.0709
SO4
/Cl Surface 0.102 0.0148 0.162 0.142 0.124 0.144 0.138 0.137
Bottom 0.113 0.15 0.166 0.148 0.121 0.142 0.139 0.14
Average 0.107 0.149 0.164 0.145 0.122 0.143 0.139 0.139
Br/Cl Surface 0.00357 0.00204 0.00358 0.00181 0.00264 0.00323 0.00380 0.00295
Bottom 0.00383 0.00204 0.00349 0.00194 0.00288 0.00306 0.00351 0.00296
Average 0.00370 0.00204 0.00353 0.00187 0.00276 0.00314 0.00365 0.00296
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4 R.B. Nessim et al.highest content seasonal averages and may attribute to the
effect of evaporation while winter (2009) samples gave the low-
est average followed by salinity averages for both parts
(Table 1).
With respect to the western part, the Na-content varied
between 10.900 g/l for water samples collected at Salloum
(winter 2009) and 15.560 g/l at Alamine (spring, 2008), both
averages are for bottom waters. A narrow range of regional
concentration averages was detected during summer (2008)
having, 12.040–13.030 g/l, Fig. 3. The total averages of
Na- content for summer either in eastern or western samples
for both surface and bottom water are nearly identical, being
around (12.455 g/l). Spring and winter surface samples are
little higher in Na- content than bottom averages.
Regionally, Alamine bottom water collected during spring
(2008) or surface water (winter 2009) represent the highest
regional averages. Salloum bottom water, on the other hand,
collected during winter (2009) gave the lowest regional aver-
age. Lateral variations could be detected where the concentra-
tion average tended to increase eastwards starting from Barani
to Mex waters during spring (2008). A reversible trend of
eastward decrease could also be noticed during summer
(2008) starting from Matruh till Alamine waters after which
Na-content tends to increase eastwards towards Mex and
Eastern Harbour waters (Table 3).
In the eastern part, the collected samples during spring
(2008) at Arish and Abu-Khashaba during summer (2008)
or during winter (2009) exhibited the highest averages while
Damiatta (spring 2008), Baltim (summer, 2008) and Abu-
Khashaba winter (2009) samples showed the lowest regional
averages. There are slight or no differences between surface
and bottom seasonal averages during summer (2008) and
winter (2009). The bottom water exhibited a higher average
than the surface one during spring (2008). A partial lateral
variation could be detected during spring (2008) where the
averages tended to increase starting from Damiatta area
eastwards reaching its highest level at Arish. At Eastern
Harbour area, a remarkable drop in seasonal averages could
be noticed where the values decreased from 13.470 g/l
(spring 2008), through 12.670 g/l (summer 2008) to
11.880 g/l during winter (2009). This low winter average is
too high if compared with that of the neighbouring
Libyan Mediterranean coastal water investigated between
long 22590 and 22660 during winter (2007), being 8.4–
11.79 g/l (Hasan and Abdel-Halim, 2009). The near- shore
Mediterranean water, subjected to a great and continual
amount of land run off in front of Alexandria hot spots
referred, on the other hand, to a very lower level of Na
content, being 6.043 g/l (Mahmoud, 1998).Sodium–chlorinity ratio
A wide range of Na/chlorinity ratio was noticed at different
sections during different seasons where the averages ﬂuctuated
between 0.483 and 0.706 at surface water of Damiatta region
and bottom water of Alamine area, respectively, both collected
during spring (2008). With respect to the normal oceanic/chlo-
rinity ratio (0.5555) of Culkin and Cox (1966), almost seasonal
averages were found above normal, being 0.560–0.603. The
eastern sector had a narrow range of seasonal averages
(0.560–0.599). The chlorinity ratio averages for summer
(2008) samples are nearly similar either for surface or bottom
Oceanic ratio
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Figure 3 Na+ (content and chlorinity ratio averages) along the coast (summer, 2008).
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Figure 4 K+ (content and chlorinity ratio averages) along the coast (summer, 2008).
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Figure 5 Ca++ (content and chlorinity ratio averages) along the coast (summer, 2008).
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Figure 6 Mg++ (content and chlorinity ratio averages) along the coast (summer, 2008).
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Figure 7 SO4
 (content and chlorinity ratio averages) along the coast (summer, 2008).
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Figure 8 Br (content and chlorinity ratio averages) along the coast (summer, 2008).
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Chemistry of Egyptian Mediterranean coastal waters 7waters and eastern or western sectors, being nearly 0.600 which
is higher than the total average ratio of 0.586 and much higher
than the normal one. Winter samples gave the lowest chlorinity
average along the whole coast but still higher than normal.
Regionally, all summer chlorinity ratio averages computed
for different locations along the coast were found above nor-
mal, ranging between 0.571 at Baltim and 0.646 at Krir
(Fig. 3). Fifty percent of spring samples taken from the eastern
sector showed low chlorinity ratio averages below normal
which rarely happened at the western sector during this season.
For winter (2009) samples, only 22% of it gave chlorinity
ratios below normal. The surface waters collected at Abu-Qir
area (winter 2009) or at Sahl El-Tina during spring (2008) in
the Eastern sector or at Alamine (spring 2008) in the western
one reﬂect a typical normal oceanic average ratio.
Temporal and spatial variations in Na-chlorinity ratio rele-
vant to normal oceanic ratio may often follow the correspond-
ing Na-content subjected to land based runoff. The drop in
Na-chlorinity ratio in front of Alexandria to be 0.400 or lower
(Mahmoud, 1998) and the decrease in the ratio in front of
Libya coastal water reaching 0.448 (Hasan and Abdel-Halim,
2009) could be attributed to the same reason.
Potassium
The total average of K-content is not greatly differing from
that of the typical seawater, being 381.2 mg/l. The western sec-
tor water is more enriched with potassium (similar to sodium)
than that of the eastern one, being 391 and 371 mg/l,
respectively.
A gradual decrease in the seasonal average of K-content
could be detected in both sector waters, starting with
408.7 mg/l (spring, 2008) through 393.7 mg/l (summer, 2008)
to reach its minimum level of 372 mg/l (winter 2009) in the
western sector. In the Eastern sector, the level tended to
decrease also from 379.6 mg/l (spring 2008 through 376.6
(summer, 2008) to reach 356.7 mg/l (winter 2009).
There is no general trend in K-content average along the
coast. Some western locations gave their waters relatively high
averages (>400–<415 mg/l) computed for Shalia, Matruh,
Alam El-Room, El-Hammam and Mex regions while the
Eastern section levels were found below 385 mg/l, on average,
during summer, 2008 (Fig. 4). According to Hasan and
Abdel-Halim (2009) the K-content at Derna (Libya) in the
Mediterranean coast of Libya was averaged between 413 and
343.2 mg/l during autumn and winter (2007), respectively
and not greatly different from the present data.
Vertically, the surface water at most locations showed a
slightly higher K-content than that of the bottom one during
all seasons. The bottom water collected at near shore stations
of certain sections, on the other hand, is more enriched with
potassium compared to surface water. This could be explained
as a result of ion concentration by several organisms and algae
in the upper surface water (Sverdrup et al., 1942; Saad and
Hussain, 1978). The great tendency of ion adsorption on the
suspended and colloidal matter releases an additional portion
of ions from seawater (Morcos, 1968; El-Wakeel et al., 1970).
The difference between bottom and surface water contents was
ﬂuctuating between a few milligrams and reaching 50 mg/l at
st. 1 (Sahl El-Tina, spring 2008) or 75 mg/l at st. 3 (Mex,
summer 2008). Saad and Abdel-Moati (1991) reported thatthe relatively low surface content of potassium may be
attributed to its uptake by some organisms while a little high
content present in the bottom water is mainly due to ions
releasing from the bottom sediments.
The highest K-content found at near shore area in front of
Mex bay during April, 2008 (507 mg/l) could be attributed
to the agricultural runoff from fertilized land through
El-Ummum drain at Mex bay which affects markedly the
coastal water.
Potassium/chlorinity ratio
A wide variation in K/Cl ratio along the studied coastal waters
was noticed starting from 0.0138 for the bottom water collect-
ed at Arish during spring (2008) to 0.0299 for Barani water
during winter (2009) with a total average of 0.0180 which is
too low if compared with the oceanic ratio of 0.0206 (Culkin
and Cox, 1966). The western part gave a chlorinity ratio
average of 0.0186 which is higher than that of the eastern
one (0.0174) parallel to K-content. A gradual eastward
decrease in chlorinity ratio average along most of western or
eastern sectors could be observed during spring (2008).
Although, most of the studied sections gave their water low
chlorinity ratio averages below normal, exceptionally high
chlorinity ratio above normal could be noticed, e.g. the bottom
waters at Mex, (spring 2008) or Barani and Fuka (winter 2009)
in the western sector or the near shore station at Brollous area.
Vertically, insigniﬁcant difference between chlorinity ratio
averages of surface and bottom water collected during the year
(2008) was computed. Bottom water collected during winter
(2009) refers to a higher chlorinity average ratio than that
for surface water in the Western sector (Table 2).
Calcium
The total average of Ca-content (403 mg/l) did not differ much
from that estimated during the beginning of the last decade by
Nessim et al. (2010). Remarkable temporal and lateral ﬂuc-
tuations in Ca-content if compared with the other studied
cations were reported. The total average content of Ca in the
spring samples represented the lowest level of 360 mg/l fol-
lowed by summer, 374 mg/l. Winter averages, on the other
hand, reﬂected the highest and wide range (406–476 mg/l).
The relatively low content in spring samples, particularly of
the Eastern part, is found to be in good agreement with those
reported by Nessim et al. (2010) and Mahmoud (1998) in the
Egyptian coastal water. Saad and Abdel-Moati (1991), Saad
and Hussain (1978) and Schwartzkoph and Hergenrader
(1978) and others stated that the photosynthesis process
increases with growth of phytoplankton during spring leading
to the removal of free CO2 from the system causing the pre-
cipitation of CaCO3 and the removal of Ca
++ from the seawa-
ter. Ca++ is also removed from the upper surface layer in
large quantities by animals with calcareous shells and when
these animals die and precipitate on the bottom, certain resolu-
tion takes place.
Data showed that the western sector is much enriched with
Ca content (413 mg/l, on average) while the eastern one exhib-
ited its water to possess a relatively low average (395 mg/l).
With respect to the western sector, summer and spring
(2008) samples represented the lowest Ca-content averages,
being about 361 and 390 mg/l, respectively, while winter
8 R.B. Nessim et al.(2009 and 2010) samples exhibited highest averages (424–
476 mg/l). Shalia area, in the western sector, showed its water
to possess the lowest regional averages during spring or sum-
mer (2008). Starting from this area, the level tended to increase
in the East- or Westward directions. This condition was com-
pletely reversed during winter (2009). The whole water column
or a part of it showed certain homogeneity of Ca-content e.g.
St.3 at El-Hammam or Krir sections during winter (2009).
Water samples collected during spring (2008) from the shal-
lower eastern sector exhibited the lowest level average (331 mg/
l) followed by summer (387 mg/l) and then winters (2009 &
2010), round 426.5 mg/l). An Eastward increase in Ca-content
could be reported during spring and summer periods, 2008,
Fig. 5. The homogeneity of Ca content in water column is
obvious at Abu-Khashaba (St.3) during winter (2009) and at
some other locations.
Calcium/chlorinity ratio
Calcium is considered as the most changeable major cation in
marine environment since a noticeable portion of its content is
used off by marine organisms especially during spring bloom-
ing period and to a less extent in summer. Calcium/chlorinity
ratio showed, consequently, the lowest level average of
0.0150–0.0185 for spring–summer of Eastern samples. The
winters’ average of chlorinity ratio is relatively high (0.0198)
when compared with the total average ratio of 0.0183. Only
twenty percent of winter samples showed positive declinations
above the normal Oceanic ratio of 0.0216 (Culkin and Cox,
1966). The highest level of chlorinity ratio was reported at
Mex (St.2) area met low salinity of 28.179& and at Fuka area
(St.2) in subsurface water of S& (30.416&), both ratios were
reported during winter 2009 and refer to a subsurface dilution
effect. Only 13% of Chlorinity ratios recorded during summer
showed positive declination above normal; the rest ratios were
found below normal. At three occasions, at least; the chlorinity
ratios of samples coincided with normal oceanic ratio; the sur-
face water at St.2 (Salloum), St.2 (Matruh, 50 m depth) both
were sampled during winter (2009) in addition to that at
Abu-Qir (St.5) during winter (2008).
Magnesium
Magnesium is present in seawater in amounts of about
1300 ppm. It is the most commonly found cation in the
ocean after sodium. Marine algae contain Mg+2 of
6000–20,000 ppm. Mg-ions when compared with Ca-ions
showed limited anomalies either spatially or temporally.
The total average content of all studied samples reached
about 1507 mg/which is about 3.7 times that of Calcium.
Nessim et al. (2010) found relatively higher averages
(1585 mg/l) during the year 2000–2001 in the Egyptian
Mediterranean coastal water. Nessim (1988) determined a
lower Mg-average content in Alexandria western harbour
waters, being 1408 mg/l. Summer samples reﬂected the low-
est total average of 1461 mg/l while winter samples gave
the highest one of 1512 mg/l, spring samples exhibit an
intermediate average of 1483 mg/l. Contrary to Ca distri-
bution, the eastern part characterized by its relative shal-
lowness and higher evaporation exhibited its water with
a slightly higher average content (1514 mg/l) than the western
one (1494 mg/l).The western part showed its water with considerable ﬂuc-
tuations in Mg contents from one season to another; spring
and summer samples exhibited lower and comparable averages
(1461–1464 mg/l) while winter samples gave higher averages
(1492–1559 mg/l). Irregular regional variations were found
along the western sector; Fuka represents the highest content
average during spring, Abu-Qir during summer, 2008,
(Fig. 6) and Salloum during winter (2009). Mex water, on
the other hand, reﬂected the lowest content average either
during spring (2008) or winter (2009).
With regard to the Eastern part, summer samples exhibited
the lowest average content of about 1455 mg/l. Spring gave an
intermediate average (1505 mg/l) while winter (2008) gave the
highest average of 1605 mg/l. An exceptionally high level was
recorded during winter (2008) in front of Alexandria Eastern
Harbour (1726 mg/l). Rosetta water (spring 2008) and Abu-
Qir (summer, 2008, Fig. 6) gave also high levels of 1536 and
1549 mg/l, respectively. Arish samples, on the other hand, gave
the lowest average of 1460 mg/l (spring 2008). Vertically, the
Eastern total averages of Mg contents in the bottom water
taken during winters (2008) and (2009) are much higher than
those in the surface water, this difference is relatively small
during summer and spring seasons (2008).
Exceptional drop of Mg contents at certain locations inﬂu-
enced with considerable dilution from land-based sources was
also reported parallel to the case of Ca e.g. the surface water
taken during winter (2008) at the near shore station (1), Sahl
El-Tina. Analogue drop was also noticed at different locations
in front of Damiatta and Arish regions. Very low concentra-
tion of magnesium (<600 mg/l) was recorded in the coastal
water in front of Alexandria (Mahmoud, 1998) affected by
strong dilution of hot spots. Hasan and Abdel-Halim (2009)
reported low concentrations at certain locations in front of
Libya coast, being below 1000 mg/l.
Magnesium/chlorinity ratio
The total average Mg+2/Cl ratios of the eastern (0.0705) or
western sector samples (0.0710) deviate positively above the
normal oceanic ratio, 0.0669, of Culkin (1965) and indicates
a surplus amount of Mg+2 in the Mediterranean coastal water.
Kremling (1969) found an average of Mg+2/Cl ratios of 0.0672
showing a relative excess of Mg+2 in Baltic Sea water.
Seasonally, there is a general trend to increase gradually in
Mg+2/Cl ratio average from spring through summer 2008 to
winter 2009 either for eastern or western sectors. The same sea-
sonal trend could also be noticed for most of the western loca-
tions e.g. Salloum, Barani, Matruh, Alamine and Mex regions.
All Mg+2/Cl ratio averages of the western sector and most of
locations in Eastern one were found above normal.
Mg+2/Cl ratio average computed for spring (2008) samples,
on the other hand, deviate negatively below normal for most of
western areas and to a less extent in the eastern sections. It is
also noticed that the bottom water at certain locations, e.g.
Sahl El-Tina (spring) and Gamasa (summer, 2008), reﬂected
the ideal normal ratio average. The water column samples col-
lected during summer (2008) in front of the Eastern Harbour
area reported low Mg/Cl ratio average below normal ratio
reﬂects the dilution of land based runoff. Such ﬂuctuations
in chlorinity ratio could be expected at the near shore coastal
water (Morcos, 1968), Nessim (1988), Mahmoud (1998) and
Nessim et al. (2010).
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The Mg/Ca ratio average of the whole data (3.8) is comparable
to that of the pervious programme, 3.9 (Nessim et al., 2010).
Detectable differences in Mg/Ca ratio either temporal or spa-
tial have been observed. Its ratio average was ﬂuctuated
between the lowest level (3.1) during winter (2010) for the
water column of the western part, approaches near the normal
oceanic ratio (3), and the highest one of 4.6 recorded for the
eastern shallower part of the coast during warm season
(spring). It is evident that the Mg/Ca ratio of the surface water
reported during this season either for the eastern or western
parts is comparatively higher than those computed for the win-
ter ones. The vertical differences in the ratio could be attribut-
ed to the removal of calcium more than magnesium in the
surface layer through several biological activities. Interest in
the concentration of Ca has also centred on the question of
solubility of calcium carbonate in seawater and the factors that
control precipitation and solution. The solubility of CaCO3
increased also by the lower temperature and higher pressure
in the deep waters.
Sulphate
Similar to the most studied ions, sulphate contents varied
widely along the coastal water either temporally or spatially.
The total average value of sulphate content (3.068 g/l) is com-
paratively higher than that recorded by Nessim et al. (2010) on
the same area or that recorded by Nessim et al. (2005) on
Alexandria coastal water and also that reported by Nessim
(1988) for the Western Harbour water. The western sector
showed its water a slight enrichment in SO4
 contents if
compared with the eastern one, being 3.202 and 2.933 g/l
respectively (Fig. 7).
A gradual increase in SO4
2 seasonal averages was observed
starting from spring (2008) through summer (2008) and winter
(2009) reaching its highest average during winter (2010) in the
western sector. Seasonal variation in SO4
 content for the east-
ern sector gave limited ﬂuctuations (2.642–3.169 g/l). As in
Ca+2 condition, spring (2008) samples represent always the
lowest sulfate content in both sector waters which may be
attributed to the partial consumption of ions by organisms
during growing season, winter samples gave the highest aver-
age. Vertically, the surface water exhibited mostly relatively
low ion contents than that of the bottom one along the whole
coast. The lowest surface average of 1.849 g/l was reported for
Fuka area (spring 2008), the highest bottom average of
4.484 g/l was estimated in Krir water (winter 2010). Lateral
variations could be noticed where the surface average tended
to increase seaward at most locations particularly during sum-
mer (2008). According to SO4
 content average for the water
column during summer (2008), Fuka represents the highest
level (3.635 g/l) and Barani gave the lowest one (2.764 g/l) in
the western part. In the eastern sector, the averages ﬂuctuated
between 2.808 and 3.225 g/l at Brollous and Sahl El-Tina,
respectively.
Sulfate/chlorinity ratio
The results of sulfate–chlorinity ratio reﬂect for the year 2008
(spring) strong negative anomalies against the oceanic ratio
(0.140) of Morris and Riley (1966). Signiﬁcant differences were
found in the Cl-ratio between spring (2008) samples and mostother samples collected during summer (2008) or winter (2009)
that ﬂuctuated strongly above normal showing an excess
amount of SO4
2 during these seasons.
The total average of Cl-ratio of the coastal bottom water is
a typical normal oceanic ratio while that for the surface water
is little lower (0.137) but still higher than that reported by
Nessim et al. (2010) for the Egyptian Mediterranean coastal
water or Alexandria western Harbour (Nessim, 1988).
According to the total seasonal average, chlorinity ratio
tended to increase from the lowest level during spring (2008)
through summer (2008) reaching its highest level during winter
(2009), being 0.115, 0.146 and 0.152, respectively.
Regionally, the water column at certain sections reﬂects
their water with relatively low chlorinity ratio averages below
normal during summer (2008), e.g. Krir, El-Hammam and
Barani in the west and Arish, Baltim, Brollous and Eastern
Harbour sectors in the eastern sector (Table 3).
Vertically, surface water of the western sector gave chlo-
rinity ratio averages little lower than that of the bottom one.
This fact is clear only during winter (2008) in the eastern
sector.
Bromide
Wide variations either seasonally or regionally in Br contents
were reported ﬂuctuating between the lowest regional average
(<25 mg/l) recorded at Shalia, Alamine and Mex areas to the
west during summer (2008) and the highest average around
100 mg/l for Abu-Khashaba water collected during winter
(2009), both extremities concerned with surface water aver-
ages. The mean value of all obtained data, on the other hand,
approaches the typical or nearly typical Br- content in seawa-
ter (Pilson, 1998), being about 65 mg/l. The Eastern sector
samples exhibited its water with a slightly higher Br-content
average than those of the western ones, being 66.6 and
63.4 mg/l, respectively.
Seasonally, the total average content increased gradually
starting from the lowest level during spring (2008) through
summer (2008) to reach its highest level during winter (2009)
either in surface or bottom waters of the eastern part of the
coast. The collected samples from the western part during sum-
mer 2008 exhibited the lowest seasonal average of 43.3 mg/l
(Fig. 8), spring samples (2008) showed the highest average,
about 80 mg/l and winter samples occupied intermediate
Br- Content average.
Bromide/chlorinity ratio
The mean of Br/chlorinity ratio for the Mediterranean coastal
water of 0.00296 deviates strongly below the normal Oceanic
ratio (0.00347) reported by Morris and Riley (1966) and slight-
ly lower than that of the previous study by Nessim et al. (2010)
on the same area. The eastern water samples collected during
summer (2008) and winter (2009) showed relatively higher
Cl-ratio averages parallel to their higher Br-average contents
than those for the western one.
In the eastern sector, a gradual seasonal increase in Cl-ratio
average starting from 0.00187 for winter (2008) through
spring, 2008 (0.00276) and summer, 2008 (0.00314) reaching
the highest value of 0.00365 during winter (2009) was found.
No clear relation between salinity and Br/Cl ratio among these
seasons could be computed. Mahlis et al. (1970) noticed no
10 R.B. Nessim et al.correlation between salinity and Br–Cl ratio in Lake Maryut
water. In the western sector, summer (2008) data represented
the lowest Cl-ratio average and deviated negatively below nor-
mal, spring (2008) and winter (2009) are relatively high above
normal (Table 3).
Contrary to the western sections, Br/Cl ratio showed high
averages above normal at several stations of the eastern sec-
tions (Fig. 8) during summer (2008). Such ratio averages ﬂuc-
tuated between 0.00350 at Baltim and 0.00384 at Rosetta
waters and up to 0.00415 at each of Eastern Harbour and
Brollous areas (Table 3), coinciding with their corresponding
Bromide content averages.
The high rate of motors-exhaustion and paint leaching
from the vessels landed in the Egyptian harbours and Hot
spots in addition to different industrial efﬂuents and human
activities may be responsible for the maximum Br-content
and ratio, Nessim (1988) and Kremling (1972).
It could be concluded that the resulting detectable varia-
tions (temporal and spatial) of the studied ions content as well
as their chlorinity ratio declination relevant to the correspond-
ing normal oceanic ratios reﬂect the degree of variation of the
Atlantic water arriving the Egyptian Mediterranean coast.
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